The complete list of electroweak chiral Lagrangian up to order of p 4 for left-right symmetric models with a neutral light higgs is provided. The connection of these operators to left and right gauge boson mixings and masses is made and their contribution to conventional generalized electroweak chiral Lagrangian with a neutral light higgs included in is estimated.
in the real world which implies that electroweak symmetry breaking mechanism (EWSBM) is still not known. SM provides us a version of EWSBM through higgs boson which suffers from triviality and unnaturalness problems. Beyond SM, various new physics models are invented which exhibite many alternative EWSBMs. A class of them are models with mutihiggs bosons and the common feature of these models is the existence of a light neutral higgs boson, this light higgs is responsible for unitarizing the longitudinal electroweak gauge boson scattering amplitudes. The most general description of this class of models is a nonlinear realized chiral Lagrangian with a light higgs included in. This chiral Lagrangian is already written down in Ref. [1] and it is formally equivalent to linearized version of chiral Lagrangian with higgs and three goldstone bosons which form a complex doublet representation of electroweak symmetry. It is the generalization of conventional well-known nonlinear version of electroweak chiral Lagrangian (EWCL) [2, 3] by adding in theory a neutral higgs and was called extended electroweak chiral Lagrangian (EEWCL) in Ref. [1] which offers the most general description of electro-weak interaction with a neutral higgs at low energy region. The symmetry realization pattern for EEWCL is SU(2) L ⊗ U(1) Y → U(1) em and bosonic fields of the theory involving electroweak interaction are higgs field h, photon field A, weak gauge fields W ± , Z 0 and three goldstone bosons which will be eaten out to become longitudinal components of W ± , Z 0 and then give them masses due to Higgs mechanism. Within EEWCL, new physics models with light higgs at low energy region can be parameterized by a set of coefficients, it universally describes all possible electro-weak interactions among existing particles and undiscovered neutral light higgs, it offers a model independent platform for us to investigate various kinds EWSBMs.
Except unknown EWSBM, another puzzle of electroweak interaction is due to its chirality, the left-right non-symmetric interaction explicitly violate parity symmetry. The beauty of the symmetry and past successes of electromagnetic unification and electroweak unification driven some of us believe that the underlying elementary interaction should be symmetric under parity transformation and then at certain higher energy scale, parity symmetry should be recovered. This inspires the idea of spontaneous parity violation (SPV) and people then is interested in generalizing conventional electroweak interaction model to left-right symmetric models of electroweak interactions [4] . If the interactions responsible for SPV become strong This Lagrangian will be the most general and economic low energy description of the various left-right-symmetric models for the case that only one neutral higgs is lighter than W ± R , Z 0 R , since all different EWSBMs and SPV mechanisms reside in the parameters of the Lagrangian which enable us to evade the details of spontaneous symmetry breaking mechanism. This Lagrangian will provide us larger parameter space than any of detail left-right symmetric models, it will be more flexible than detail models when we use it to compare with exiting experiment data and then to perform more complete test for the possibility of realization in nature that all new particles except light higgs are heavier than W ± R , Z 0 R . Even the final phenomenological investigations find inconsistencies with experiment data, which imply there does some extra particles beyond light higgs lighter than W ± R , Z 0 R , the formalism developed in this work is still useful, the only change is that we need to add these extra new particles into the Lagrangian. Consider there are two much uncertainties for these extra particles, as the first step of the model independent investigation, we consider the minimal particle content required by left-right symmetry and limit the new particles in this work only in the content of light neutral higgs, left and right handed W ± , Z 0 and their goldstone bosons. The possible generalizations will be discussed elsewhere. The symmetry realization
The nonlinear realization of this symmetry allows us to build up our theory with only one neutral higgs boson. For simplicity, we only discuss bosonic part of chiral Lagrangian in this work. 
the next to leading order of the chiral Lagrangian then is p 2 of Lagrangian,
,β 1 are all depend on higgs field h, but not depend on it derivative ∂ µ h or ∂ 2 h, this is because these derivative terms increase the powers of the low energy expansion. If we take h inside of f L and f R be its vacuum expectation value, the result f L and f R take the scales of spontaneous breaking for electroweak symmetry and parity respectively. β L,1 , β R,1 andβ 1 are corresponding coefficients responsible for p 2 order left,right and crossing custodial symmetry violating interactions. Note the equations of motion will lead ∂ µ tr(τ 3 X µ i ) = 0 and then in L 2 , there should be no terms like
and left(right) part of
The most complex interaction is the crossing part of p 4 order Lagrangian Starting from above Lagrangian, we can read out various vertices among electroweak gauge bosons which enable us to discuss corresponding physical processes and further continue phenomenological researches. Theoretically, we can integrate out heavy right hand fields to see their effects to ordinary EEWCL coefficients, or we can estimate the size of the coefficients from existing models.
Now we first discuss two point vertices for gauge boson fields. Taking unitary gauge U L = U R = 1 and higgs field be its vacuum expectation value h = v, the CP-conserving part of kinetic terms for W L , W R and B become
With convention W
, take orthogonal rotation V and some scale transformation to diagonalize the mixing among
with orthogonal matrix V and three eigenvalues λ 1 , λ 2 , λ 3 satisfy
One can check that up to order of p 4 , the third eigenvalue is λ 3 = 1 and the first and second eigenvalues are λ ± or λ ∓ which are correspond to two phases of the theory
then kinetic term are normalized to standard form
Take orthogonal rotation for W
and orthogonal rotationṼ to diagonalize the mixing among
The mass term then is diagonalized as
with masses
where to reduce the length of the formulae, M 
Substitute the solution back to our chiral Lagrangian L 2 +L 4 , after some algebra, we recover standard EEWCL developed in Ref. [3] with expression
p 2 order coefficients expressed in terms of those parameters appeared in L 2 as follows
with parameterδ 2 ≡
. Further computations give all p 4 order coefficients of EWCL from L 2 and L 4 ,
α 11 = α L,11 +α 11,2 δ 2 +α 11,5 δ 1 +α 11,3 δ 1 , α 12 = α L,12 +α 12,2 δ 2 +α 12,5 δ 1 , given in Ref. [3] ,
We see, if right hand gauge boson is much heavier than the left hand ones f R ≫ f L , S and T parameters will receive corrections of −8πα 8 and [2β R,1 (2β
2 ), while U parameter will have no correction. In this approximation of f R ≫ f L , for general triple vertices among electroweak gauge fields 
In general, we find the contribution of our chiral Lagrangian for left-right symmetric models to EWCL coefficient α i can be divided into three parts: the first is the primary term α L,i which comes from original left hand gauge boson interaction; the second is the term independent of δ and linear in α, only α 1 , α 2 , α 13 receive such kind corrections with values of 1 2α 8 ,α 3,2 +α 9,2 , 1 2α 14 +2α 15 respectively and all other coefficients do not have such kind terms; the third term is the term not only linear in α, but also proportional to δ. Since δ is order of f L /f R which is a small number when right hand interaction scale is heavier than the left hand interaction scale, the third term is smaller in orders than the second term. Although due to lack detail information on size of all those parameters in L 2 and L 4 , we can not estimate their contributions to EWCL coefficients quantitatively, qualitatively we can judge that only α 1 , α 2 , α 13 receive relatively large contributions of order α from exchanging virtual right hand gauge bosons, all other coefficients will only receive much smaller corrections of order α * f L /f R .
To summarize, we have set up the most general electroweak chiral Lagrangian for leftright symmetric models up to order of p 4 and discuss the gauge boson masses and mixings.
The contributions to conventional EWCL coefficients from right hand gauge boson as virtual particle are estimated.
